Background
Uncontrolled bleeding is a major challenge for surgeons, with both patient safety and economic implications. 1, 2 This is especially true in the cardiovascular field, due to anticoagulation and anti-aggregation treatment taken prior to and during surgery and the systolic pulsatility present in the arterial system, which increases stress on sutures. Cardiopulmonary bypass (CPB) is often used during these procedures, affecting the intrinsic coagulation pathway rendering the control of bleeding more challenging. 3 In fact, studies have shown that these interventions are associated with increased blood loss and post-operative mortality. 4, 5 Thus, the control of bleeding in these situations requires both an urgent and conservative approach. While there are many topical hemostats that have shown efficacy when applied to cardiovascular tissue, 6 their caveats (e.g., need of a dry field, efficacy only on low pressure bleeding) support the need to develop a topical hemostat that is easy to use, safe, and effective in the cardiovascular patient population.
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Glineur et al Veriset™ (Covidien; Mansfield, MA, USA) hemostatic patch promotes hemostasis through a dual mode of action, serving as a tamponade to physically stem blood flow, while concentrating platelets and other clotting factors at the bleeding site to accelerate coagulation. Veriset™ hemostatic patch is left in place after hemostasis is obtained, and is completely absorbed within 4 weeks. In two previous clinical trials, one in hepatic tissue and the other in soft tissue, no adverse events (AEs) related to Veriset™ hemostatic patch were reported, and quick control of bleeding was obtained. 7, 8 In order to obtain clinical results on the device when applied to cardiovascular tissue, we performed a randomized, controlled, patient-blinded study comparing the safety and efficacy of Veriset™ hemostatic patch to that of TachoSil ® (Nycomed; Zürich, Switzerland) (currently approved for cardiovascular hemostasis), with a follow-up of 90 days post-surgery.
Ethics statement
This study was conducted in accordance with the Declaration of Helsinki and all local regulatory requirements. Copies of the protocol, proposed informed consent forms, other written subject information, and other study-related documents, as required by the ethics committees, were submitted to the Independent Ethics Committees (IECs) for approval. IEC approval was obtained before enrollment of subjects into the study and shipment of the study device. A list of participating IECs and their associated clinical trial sites is provided in Table S3 .
Methods
Study design
This was a premarket, prospective, randomized, single-blind study to compare Veriset™ hemostatic patch to TachoSil ® as an adjunct to hemostasis in patients undergoing cardiovascular surgery (clinical trial registration number: NCT01639833). Patients at 12 European institutions scheduled for open cardiac or vascular surgery involving the aorta, surface of the heart, or coronary artery bypass grafting (CABG), and who provided informed consent, were considered for enrollment. During surgery, treatment at the target bleeding site (TBS) was randomized 1:1 using a sealed envelope process to Veriset™ hemostatic patch or TachoSil ® , and the time required to obtain hemostasis was monitored. Safety was assessed up to 90 days post-surgery. The clinical study was conducted according to Good Clinical Practice guidelines and the Declaration of Helsinki. All European and national regulations were adhered to. The datasets generated and/or analyzed during the current study are available in the Clinical Trial repository: https://clinicaltrials.gov/ct2/show/ NCT01639833?term=NCT01639833&rank=1.
Study participants
Patients who met certain inclusion criteria, but none of the exclusion criteria, were enrolled in the study (Table 1 ). An appropriate TBS was defined as an area of bleeding on the aorta, coronary vessels, or surface of the heart, where hemostasis by conventional methods was deemed ineffective, impractical, or potentially detrimental, of Type 2 (oozing/ mild) or Type 3 (moderate) bleeding severity, 9 and where it was possible to hold pressure on Veriset™ hemostatic patch or TachoSil ® for at least 3 min. The bleeding severity levels are based on a published scale in order to increase objectivity; bleeding levels were assigned prior to randomization in order to minimize investigator bias with a Type 1 (no visible bleeding) and Type 4 (uncontrolled bleeding requiring immediate conventional surgical intervention) excluded from the study. Ninety patients were enrolled beginning on August 2, 2012, with the final follow-up visit on December 16, 2013. 
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Materials
Veriset™ hemostatic patch (Covidien), a device composed of polyethylene glycol (PEG) and oxidized cellulose, and TachoSil ® (Nycomed), a patch composed of equine collagen coated with human fibrinogen and thrombin, were provided by the study sponsor. There are no known contraindications for Veriset™ hemostatic patch. TachoSil ® is contraindicated for intravascular application to avoid life-threatening thromboembolic events, and in patients with known hypersensitivity to human blood products or horse proteins. Both hemostats were to be used in accordance with the manufacturers' instructions for use and could be cut to size. All other supplies used in the surgical procedure or for assessment were those standardly used by the institution at which the surgery was performed.
Surgical procedure
Patients underwent open cardiac or vascular surgery according to the appropriate standard procedures and practices of the institution at which the surgery was performed. Protamine reversal was to occur prior to randomization. Once an appropriate TBS was identified, the patient was randomized to receive treatment with either Veriset™ hemostatic patch or TachoSil ® . After application of Veriset™ hemostatic patch, direct pressure was applied. Hemostasis was assessed every 30 s after application until the 3 min time point, and then at 1 min intervals until hemostasis was achieved, up to 10 min. After application of TachoSil ® , pressure was maintained on the device and hemostasis was not assessed until 3 min after application, per the manufacturer's instructions for use. If hemostasis was not obtained at 3 min, continued pressure was applied to the device, and hemostasis was assessed at 1 min intervals up to 10 min. If hemostasis was not obtained within 5 min of application of either device, other hemostatic measures could be used as rescue therapy at the discretion of the investigator. Comparable pre-clinical application images can be found in Howk et al. 10 During CABG procedures, the location of patch application was at the discretion of the surgeon and not specifically directed by the study protocol, and the force applied to stop suture hole bleeding during the 30 s intervals was not detrimental for graft patency.
Outcome measures
The primary safety endpoint was the proportion of patients with serious adverse events (SAEs) up to 30 days postsurgery, and the secondary safety endpoint was the proportion of patients requiring a reoperation for bleeding complications up to 5 days post-surgery. Although patients were monitored for 90 days, the Veriset™ patch is absorbed within 30 days making it an appropriate safety endpoint for the device. The safety endpoints were evaluated based on non-inferiority to the control and were tested from an intention to treat perspective. The primary effectiveness endpoint was the time to hemostasis at the TBS following application of the hemostat. The secondary effectiveness endpoint was the proportion of patients with all treated bleeding sites achieving hemostasis within 3 min. The effectiveness endpoints were evaluated first based on non-inferiority to the control based on a per protocol population perspective, and if met, superiority was also tested from an intention to treat perspective.
Post-operative visits
Patients were assessed 24 hrs, 30 days, and 90 days postsurgery via a physical exam and measurement of both vital signs and clinical laboratory parameters. AEs were recorded until the end of the follow-up period. An SAE was defined as an AE that led to death or a serious deterioration in health (life-threatening illness or injury, permanent impairment, in-patient hospitalization, prolonged hospitalization, or required medical/surgical intervention to prevent lifethreatening illness or injury). All AEs recorded as being possibly related to the device or whose relationship to the device was unable to be determined were later adjudicated for their device-relatedness by a single independent medical monitor who was blinded to the group assignments.
Statistical analysis
The required sample size to analyze effectiveness was based on a power of 80% and an alpha of 0.025, assuming true medians for time to hemostasis of Veriset™ hemostatic patch and TachoSil ® as 0.5 min and 3.0 min, respectively. For effectiveness analyses, the required sample size was five patients per treatment group. For safety analyses, the required sample size was determined to provide a 90% probability of being able to detect an AE of a given type within the Veriset™ hemostatic patch group that occurs with a probability of at least 5%. Based on the specification, it was determined that 45 Veriset™ hemostatic patch patients were required. Using a 1:1 randomization scheme, a total sample size of 90 patients (45 per treatment group) was included.
Statistical analyses were performed and P-values were calculated from a two-sample t-test for continuous variables and Fisher's exact test for categorical variables. All statistical analyses were performed using SAS ® version 9.1 or higher. Two-sided tests and one-sided tests were performed at the 0.05 and 0.025 significance levels, respectively.
Results
Patient demographics
A total of 235 patients were analyzed for eligibility in the study (Figure 1 ). Of those, 145 failed the inclusion/exclusion criteria, 141 (97.2%) of whom did not have an appropriate TBS (bleeding not of Type 2 or 3 and/or it was not possible to hold pressure on the bleeding site for at least 3 min). The other four patients not randomized exhibited an appropriate TBS, but did not satisfy one or more of the criteria listed in Table 1 . The remaining 90 patients were randomized 1:1 to receive treatment with either Veriset™ hemostatic patch or TachoSil ® . Of the 45 patients randomized to the Veriset™ hemostatic patch treatment group, 39 completed the 90-day follow-up. Forty-one of the 45 patients randomized to the TachoSil ® group completed their 90-day follow-up. All early withdrawals (two per treatment group) were by patient decision. The age and gender of patients included in this study were similar in both treatment groups, as well as baseline hemoglobin and platelet count ( Table 2) .
Surgery
Patients included in the study underwent various types of cardiovascular procedures, with the most common being aortic surgery or CABG. There were no blood transfusions required due to bleeding from the TBS where the hemostat was applied, in either group (Table 3) . Five patients from each treatment group did not undergo CPB, nine underwent aortofemoral bypass surgery and one underwent abdominal aorta bypass surgery. The selected TBS occurred from the aorta in 80% of patients in each treatment group (Table 4) . Other sources of bleeding included the coronary artery, an atrium, ventricle, distal anastomosis, and diffuse bleeding from the operative field. Bleeding was of Type 2 in 68.2% of the Veriset™ hemostatic patch group and 84.4% of the TachoSil ® group (p=0.0846), with the remaining patients exhibiting Type 3 bleeding (p=0.1337). There was no significant difference between the two treatment groups in any surgical procedure or TBS characteristic; however, there was a trend toward increased bleeding 
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A new patch for cardiovascular bleeding severity in the Veriset™ hemostatic patch group prior to hemostat application (p=0.0768). Conventional methods were used to obtain hemostasis first with suture/ligature used in over 50% of the cases, unless the investigator felt that use of these methods was not practical, which was the case in almost half of the patients in each group (40.9% of the Veriset™ hemostatic patch group and 42.2% of the TachoSil ® group). 
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Safety outcomes
Safety was assessed at 24 hrs, 30 days, and 90 days after surgery. All AEs were recorded, along with their severity and relationship to the investigational device or control. A summary of AEs is shown in Table 5 and the safety endpoints of the study are shown in Table 6 . Within 30 days postsurgery, 12/44 (27.3%) and 10/45 (22.2%) patients treated with Veriset™ hemostatic patch and TachoSil ® , respectively, exhibited at least one SAE. The only SAEs to affect more than one patient treated with Veriset™ hemostatic patch were cardiac arrest, pleural effusion, and respiratory failure. None of the AEs in either treatment group were device-related and, within 5 days post-surgery, no patients required a reoperation for bleeding complications. Six patients died during followup (four from the Veriset™ hemostatic patch group and two from the TachoSil ® group; p=0.4340), the causes of which were unrelated to the investigational device or control device.
Effectiveness outcomes
The median time to hemostasis at the TBS was 1.5 min in patients treated with Veriset™ hemostatic patch and 3.0 min in patients treated with TachoSil ® (p<0.0001), which was the minimum time based on instructions for use (Table 7 ). This significant difference of p<0.001 remained when only patients on CPB were included in the analysis, although the median time to hemostasis at the TBS increased to 1.75 min with Veriset™ hemostatic patch. These results were statistically significant; clinical significance is determined by the clinician. The proportion of patients who achieved hemostasis at all treated bleeding sites at 3 min was similar between the two treatment groups. For the Veriset™ hemostatic patch, 49% achieved hemostasis at all treated bleeding sites within 1.5 min, 80% within 2 min, and 88% within 3 min. These percentages were slightly less when only patients on CPB were included at 47%, 78%, and 86%, respectively. A subgroup analysis of time to hemostasis at the TBS is shown based on hemostat application to the aorta (Table S1 ). Veriset™ hemostatic patch was slightly less effective when applied to the aorta than to other anatomical locations.
The results in Table 7 and Table S1 are shown on a per protocol population, which excluded four patients. One patient did not receive the study or control device after 
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A new patch for cardiovascular bleeding randomization, in two patients the study device was not applied to an appropriate TBS, and for one patient the study device was applied incorrectly. In the four cases in which Veriset™ hemostatic patch did not remain in place at the end of the procedure, there was no tissue damage observed after removal of the device (Table S2) . Three device deficiencies occurred as a result of Veriset™ hemostatic patch being applied incorrectly, in which the device was not positioned correctly (PEG-side down, toward the bleeding site). In two of these patients, a new patch was applied, and hemostasis was obtained; rescue therapy was administered in the third patient. Only two device deficiencies occurred as a result of Veriset™ hemostatic patch not adhering to the TBS, both of which resulted in the use of rescue therapy. One patient treated with TachoSil ® required rescue therapy due to hemostasis not being achieved, but TachoSil ® was not removed prior to the administration of rescue therapy.
Discussion
This study tested the safety and effectiveness of a novel topical hemostat when applied to cardiac and vascular tissue during a variety of cardiovascular procedures, though the hemostat was applied to the aorta in the majority of patients included in the study. When applied per the manufacturer's instructions for use, median time to hemostasis at the TBS was 3.0 min in patients treated with TachoSil ® and 1.5 min in patients treated with Veriset™. The requirement in human studies to follow manufacturer instructions for use is a potential limitation of this randomized study as the minimum application time between the two products is not identical. TachoSil ® labeling is based on regulatory approvals following three earlier clinical trials. Alternatively, Veriset™ hemostatic patch labeling only requires 30 s of pressure. A more direct comparison of time to hemostasis, in which the manufacturer instructions do not need to be adhered to, would require a nonclinical study. Although Veriset™ was found to be superior to TachoSil ® in a previously published randomized clinical study of the liver, 7 for the purposes of this study the two devices were determined to be equivalent.
Another potential study limitation is that CPB may have been managed differently across investigational sites, although baseline hemoglobin and platelet count were similar, and there was no differences in activated clotting time or the number of patients receiving protamine reversal prior or equal to the time of device application.
Based on the platform chemistry of the CE Markapproved DuraSeal ® , Veriset™ contains two primary components, an oxidized cellulose absorbable backing material and synthetic PEG. When in contact with physiological fluids Veriset™ forms a cross-linked PEG-based gel that 14 At 3 min, roughly 31% of patients treated with FloSeal™ hemostatic matrix and 78% of patients treated with GelFoam ® sterile sponge were still bleeding. TachoSil ® has been shown previously in an RCT to obtain hemostasis faster (75% success rate at 3 min) than standard hemostatic fleece in cardiovascular indications. 15 The current study showed a success rate of 88% within 3 min of applying Veriset™ hemostatic patch, a device that is completely free of animal-and human-derived components. Thus, results suggest that Veriset™ hemostatic patch is equivalent in efficacy to other products on the market, while eliminating components that have elicited safety concerns.
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Conclusion
This is the first study publishing on the safety and efficacy of Veriset™ hemostatic patch, which is completely free of animal-and human-derived components, in cardiovascular surgery applications, compared with a randomized TachoSil ® control. Although there were differences in the minimum application time that affected the comparability of outcomes, the products were determined to be comparable. These data support the use of Veriset™ hemostatic patch during cardiovascular surgery, when perioperative bleeding requires urgent attention.
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